Introduction
The W3C Web Accessibility Initiative (WAI) has issued guidelines for making websites better and easier to access for people with various disabilities (W3C Web Accessibility Initiative guidelines 1999). The fourteen guidelines are formulated as a set of 63 checkpoints, divided over three levels of priority. The WAI guidelines and checkpoints have gained the status of legal or formal requirements in many countries. They define target levels of accessibility, which are applied most often for sites that are produced by public organizations (such as governments or municipalities), funded with public money and/or meant to support people in their professional and occupational activities. In addition, many non-public organizations worldwide have expressed their intention to comply with the accessibility standards and aspire for the set target levels of accessibility. So, the WAI guidelines have achieved the de facto status of hallmark of accessibility.
Most of the WAI guidelines and checkpoints focus on making websites accessible and operable for users with visual and motor disabilities. They specify in detail what the accessible website should do or contain. Websites that follow the guidelines can be accessed by users of assistive and adapted devices, such as screen readers or special keyboards. The guidelines document claims to be also directed at people who have difficulty reading and comprehending text, or who are not proficient in the language in which the content of the site is presented. The guidelines, however, are much less clear regarding how to make web content accessible for those with intellectual disabilities that affect the language skills.
Checkpoint 14.1 (a highest priority level checkpoint) aims directly at making content accessible. It states: use the clearest and simplest language appropriate for a site's content. Although the intention of the checkpoint is very clear, it seems doubtful whether it helps content designers or writers deciding on what to do to make the verbal content of a website accessible for people with intellectual or language disabilities.
That is why the effect of existing guidelines for creating easy-to-read text to websites was investigated. The European Commission had guidelines formulated for the production of easy-to-read information for people with intellectual disabilities, the Make it simple-guidelines (Freyhoff et al. 1998) . These guidelines concern the verbal content and the layout of documents. Examples of Make it simple-guidelines are: use short sentences mostly, cover only one main idea per sentence, try to put one sentence on a line, use a maximum of two typefaces (see Appendix for a list of the guidelines). These guidelines were initially meant for texts on paper, but the majority can also be applied to websites. Comparable guidelines are formulated by other organizations, such as Mencap, the UK's learning disability charity (Mencap 2000) .
The present research investigated whether the application of those Make it simple-guidelines would have a positive effect on the usability for users with intellectual disabilities. The focus of the study was on the guidelines regarding the verbal content of the website. Usability is defined as 'the extent to which [it] can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use', according to the International Organization for Standardization (ISO) (1998, p. 6) . Therefore, the users' effectiveness and efficiency of information processing and their satisfaction with the website were measured.
However, accessibility for a specific group of users should not lead to the reduced accessibility for other groups of users. As WAI priority 1 checkpoint 11.4 indicates, creating multiple versions of the same site should only be a last resort. Therefore, it was also investigated whether application of the easy-to-read guidelines has a negative effect on the usability for website users without identified intellectual disabilities.
The remainder of this article describes an experiment that was conducted to investigate the effects of the guidelines for the production of easy-to-read information. Two versions of a website for a welfare and care organization were developed. This non-profit organization supports people with various disabilities, especially people with intellectual disabilities. In this experiment, the effects of two alternative versions of the organization's website for two groups of users were assessed by using a 2 · 2 between-subjects design. The two versions of the website contained the same information, but in one of the two versions the text was adapted by applying easy-to-read text guidelines rigorously. Each of the two versions was used by a group of test participants with intellectual disabilities and by a control group of participants without identified intellectual disabilities. Using this design, the appropriateness of verbal content created with easy-to-read guidelines for users with and without intellectual disabilities could be tested.
Method

Participants
Forty experienced computer users participated in the test of the appropriateness of the guidelines (23 female and 17 male, mean age 37 years). Twenty participants, 12 female and eight male, were clients of the care organization because of their intellectual disabilities. However, they could read, at least to a certain extent. Ten of them used the adapted version of the site (further referred to as the A-site) and the other 10 used the nonadapted site (NA-site). The other 20 participants had no identified intellectual disabilities. This group was known to be involved with people with intellectual disabilities as a parent, a friend or a partner. From this control group, 10 participants used the A-site and the other 10 used the NA-site.
All forty participants were frequent computer and Internet users: 90% of the participants used a computer at least once a week and 75% of them used the Internet at least once a week. Although the group of participants with intellectual disabilities on average had somewhat less computer experience than the control group (6 years against 10 years), they were all considered experienced users. The amount of computer experience as well as the readings skills proved to be evenly distributed across the groups who used the A-site and the groups who used the NA-site.
Materials
Two versions of a website with text in Dutch were created. This website consisted of a home page with an introduction and some general information about the care provider, and four other sections. The content was based on a leaflet that was written for the care provider organization, describing its main services and activities in standard well-written text. The non-adapted website (NA) contained the leaflet information. For the adapted site (A), the text was made easier to read on the basis of the easy-to-read guidelines (see Appendix). Figures 1  and 2 show parallel pages of the NA-site and the A-site.
Before the experiment, the adapted site was evaluated for its comprehensibility by a specialist in care for people with intellectual disabilities and a web communication expert. They checked whether the guidelines for easy-to-read text were applied correctly. In addition, two people with intellectual disabilities used and evaluated the adapted version of the site. Based on the remarks of these four people, it was ensured that the Aversion of the website followed the easy-to-read guidelines closely.
Measuring effectiveness and efficiency
The two versions of the website were tested for efficiency (searching and reading time) and effectiveness (comprehension). The participants were asked to execute five search tasks with the website version they were working with. They were asked, for example, to search for information about courses and discussion groups organized by the care provider. After they had found and read the correct page, they had to answer some questions about the content of the page. They answered 14 questions in total. Seven of these questions could be answered with information that could be found literally in the verbal content of the site (text-based questions). For the other seven questions, the answer had to be deduced from information in the site (inference questions). The 14 questions were offered in two different formats. Eight of the questions were open questions; the other six were multiple-choice questions. The two formats were equally divided over text-based and inference questions.
A distinction was made between text-based and inference questions, because studies of reading processes have shown that making inferences requires a deeper form of processing and comprehension than just recognition of information (Kintsch 1988) . The aim of using two types of questions was to see whether the adapted text increased comprehension of verbal content both at the recognition and the inference level. The variation in question format (open and multiple-choice) was inspired by a handbook on doing research with people with intellectual disabilities (Huizing et al. 2002) . This book suggested that multiple-choice questions are easier for people with intellectual disabilities because they can recognize the correct answer among the alternatives. It was investigated whether the adapted text increased comprehension to an extent that participants with intellectual disabilities could formulate their own answers.
Measuring satisfaction
Satisfaction with the website was measured with an adapted and translated version of the validated Chen & Wells (1999) instrument for measuring the attitude towards a website. This instrument consists of statements about the site used, on which the participants score on a five-point rating scale, ranging from definitely disagree (1) to definitely agree (5). The instrument is meant for measuring the attitude towards e-commerce websites. In this experiment, only those items were used that were applicable to informational websites, like the website of the care provider. Fourteen statements from the original instrument were translated into Dutch, taking care that the words used were easy to understand (see Figure 3 ).
Procedure
The participants executed the tasks with the website at their homes. The sessions took 40 min, on average. The two versions of website were stored on hard disk on a laptop that the experimenter brought for the experiment. The participants were asked to read aloud during the tasks. Each session was recorded on videotape.
Instructions and explanation were introduced orally, to reduce the amount of reading required from the participants. Once a task was introduced by the experimenter, the participants started to search for the requested information on the website, followed by reading the requested information. The time needed for finding and reading the information was measured to compare the differences in efficiency between the A-site and the NA-site.
The experimenter offered assistance only after the participants expressed their inability to find the information more than two times. Her assistance consisted of a first question, asking the participants what they tried to achieve. Just asking that question in some cases was enough to overcome the problems. When this was not the case, the experimenter directed the participants to the page they had to visit. When the participants were on the correct page, no more assistance was given. The experimenter knew which participants had intellectual disabilities. Although she tried to act exactly the same with respect to every participant, it is possible that this knowledge influenced the number of times that she offered assistance to the participants.
When the participants had read the information, they returned to the home page. Then the experimenter posed the questions and wrote down the answers. The numbers of correct answers on the different types of questions were measured to find out whether the guidelines increased the comprehension or effectiveness of the site.
When the participants had completed the five tasks, they filled out the questionnaire that was used to measure satisfaction with the site. Again, the items in the questionnaire were read out by the experimenter, who also scored the answers.
Results
Efficiency in seeking information
As a measure of efficiency, the time needed for finding the correct information for each task was measured. However, the assistance that was offered to participants who could not find the requested information did interfere with time measurements, because in that case the experimenter directed the participants to the correct page.
Especially, the participants with intellectual disabilities had difficulties in finding the information. Fifteen (out of 20) needed assistance, varying from one to seven times. Ten (out of 20) participants without identified intellectual disabilities needed assistance, in all cases one or two times. The number of times that assistance was offered is shown in Table 1 . The participants with intellectual disabilities needed obviously more assistance to complete the five tasks than the control group. Remarkably, the participants who used the A-website needed more assistance than the users of the NA-site. However, the differences between these groups were relatively small.
Efficiency in reading the information
Efficiency was also measured by comparing the time that the participants needed to read the requested information. The number of words that had to be read to complete a particular task differed between the two versions of the site, but the total number of words that the participants had to read for the five tasks was almost equal: 886 words on the NA-website and 899 words on the A-website. Because of the differences in number of words at task level, only the total reading times of the participant groups were compared (see Table 2 ).
The participants with intellectual disabilities needed almost 9 min to read the text on the website. On average, the participants without intellectual disabilities needed less than 7 min. This difference is statistically significant, as shown by the results of a parametric two-way anova [F(1,36) ¼ 13.57; P < 0.01; g 2 ¼ 0.27] 1 .
The reading time was not influenced by the version of the website, as the anova showed [F(1,36) < 1]. In addition, the anova showed no interaction between the two factors (website version, participant group): F(1,36) < 1. A clear conclusion can be drawn regarding the efficiency of reading verbal content, which is adapted to the needs of people with intellectual disabilities that influence language competence. People with those disabilities need more time to read the text than a control group of people without identified intellectual disabilities, even when that text is easy-to-read. They also need more help to find the pages in a site, again also when the verbal content is adapted to their needs. 
Effectiveness: comprehending the information in the site
The effectiveness of the website was measured in two ways. First, the participants answered 14 questions about the information they had read. Their answers reflected the degree of comprehension. The mean numbers of correct answers on the questions are depicted in Table 3 . Over all, the participants with intellectual disabilities answered fewer questions correctly than the control group of participants without identified disabilities. The participants who used the A-website answered more questions correctly than the participants who used the NA-website. The results of a two way anova showed that these differences are significant: F(1,36) ¼ 24.80; P < 0.001; g 2 ¼ 0.41 and F(1,36) ¼ 12.56; P < 0.01; g 2 ¼ 0.26. The same analysis showed no interaction between the factors website and participant group: F(1,36) < 1. So the adaptation of the site helped increase comprehension, both for the participants with intellectual disabilities and for the participants without intellectual disabilities. The level of comprehension required to answer the questions was varied. Half of the questions were textbased: the answer could be found literally in the text read. A two-way anova that included only these seven text-based questions showed the same pattern as observed above. The participants with intellectual disabilities answered fewer questions correctly than the control group without identified intellectual disabilities: F(1,36) ¼ 8.15; P < 0.01; g 2 ¼ 0.19. The participants who used the adapted website answered more questions correctly than the participants who used the non-adapted website: F(1,36) ¼ 19.71; P < 0.01; g 2 ¼ 0.35. Again, no interaction was found: F(1,36) < 1. Therefore, with regard to text-based questions, it can be concluded that the adaptation of the site increased comprehensibility for both groups of participants. The other half of the questions could only be answered correctly by making inferences. An anova that included these seven inference questions showed different results. As in the previous analyses, the participants with intellectual disabilities answered fewer questions correctly than the participants without identified intellectual disabilities: F(1,36) ¼ 31.90; P < 0.01; g 2 ¼ 0.47. However, the difference between the websites was not significant: F(1,36) ¼ 3.00; P ¼ 0.09. A significant interaction effect was found: F(1,36) ¼ 4.13; P < 0.05; g 2 ¼ 0.10, and therefore the two versions were tested against each other within the two participant groups with t-tests. Participants with intellectual disabilities who read the content of the adapted website answered more inference questions correctly than those who read text in the non-adapted website: t ¼ 2.69, d.f. ¼ 18, P < 0.05. The version of the website had no effect on the number of correctly answered inference questions by participants without intellectual disabilities: t < 1. It can be concluded that, with regard to inference questions, the adaptation of the site increased comprehensibility for participants with intellectual disabilities. Over all, readers without identified intellectual disabilities comprehended the information better than readers with intellectual disabilities, as one can expect, but comprehension increased considerably for readers with intellectual disabilities, when the verbal content of the site was adapted. This effect was strong, and occurred both when they expressed their comprehension in textbased questions and in inference questions. There is no negative effect for participants without identified disabilities when they answer inference questions and a positive effect when they answer text-based questions. So, the control group benefited also from reading the easy-to-read text in the adapted website, although to a lesser extent than the group of participants with intellectual disabilities.
The format of the questions was also varied. Six questions were multiple-choice questions and the other eight questions were open questions. These results indicate that adapting websites using the easy-to-read guidelines increased the comprehension of the text for text-based questions and, for participants with intellectual disabilities, also for inference questions. Furthermore, open questions seem more appropriate for demonstrating these differences, which were not visible in the multiple-choice questions.
Analysis of reading errors
The transcripts of the recordings of the participants offered insight in their reading difficulties. The reading errors that the participants made during reading-aloud the pages of the website were analysed, assuming that they could reveal comprehension problems. The transcripts of the recordings showed that the participants did not read the text flawlessly (see Table 5 ). The most common error was that words were pronounced incorrectly, which resulted in reading non-existing words. Although this does not automatically imply that the participants did not understand the meaning of the word, it might indicate that they experienced a problem. Words that were typically pronounced incorrectly were long words, foreign words and loan words. Another type of error that was regularly observed is replacing a word by another existing word with a different meaning, for example replacing difficult by different. This type of error seemed to have a more negative impact on comprehension.
Participants with intellectual disabilities made many more errors (188) than the control group of participants without identified intellectual disabilities (59). More important, participants with intellectual disabilities who worked with the non-adapted website made more errors (144) than their peers who worked with the adapted website (44). This is an additional evidence that the text on the adapted website was easier to read than the text on the non-adapted website.
Although no significant difference was found between the reading times (efficiency) of the two versions, clear differences were observed in the effectiveness of the adapted site compared with the non-adapted site. Readers with intellectual disabilities that affected their reading competence made more comprehension errors than readers without identified intellectual disabilities. However, the performance of the participants with intellectual disabilities improved when they read the information from the adapted site. They answered more questions correctly and made far fewer reading errors. Participants without identified intellectual disabilities were not negatively affected by the adapted site. They performed at a similar level as the participants who used the non-adapted site, or outperformed them when answering text-based questions.
Satisfaction with the site
The satisfaction of the participants with the website version they had been using was tested by asking them to express their opinions on a 14-item questionnaire. Whatever version of the site participants had been using, they evaluated it positively. The mean scores on the separate items were rather high, varying from 2.8 to 4.8 on a 5-point scale (with 5 being the most positive answer). The satisfaction scales used in the questionnaire were highly reliable (a ¼ 0.89).
The scores on one item, derived from the original Chen and Wells questionnaire, differed from all others. It read: compared to other websites, I would rate this one as one of the worst (1) … one of the best (5). This question required comparing the website just used with other sites. Also, the scoring options did not run from definitely disagree to definitely agree, as in all other items. On this particular item, 32 of our 40 participants scored a neutral 3, expressing that for them the site used was neither worse nor better than other websites. Whatever their reasons for this atypical answer, the item did not discriminate between participants, and therefore was removed from the analysis. This did not reduce the reliability (a ¼ 0.88). Table 6 shows the mean scores for satisfaction, measured over 13 items.
A two-way anova showed no significant difference between the mean scores of the two participant groups and between the mean scores of the two versions of the website, in both cases: F(1,36) < 1. However, there was a significant interaction effect: F(1,36) ¼ 4.06, P ¼ 0.05, g 2 ¼ 0.10. Participants with intellectual disabilities preferred the adapted website while participants without identified intellectual disabilities preferred the nonadapted website. In other words: each group liked the website best that was geared to their reading and intellectual levels.
Conclusions
The study reported was conducted in order to investigate whether a rather unspecific WAI guideline (use the clearest and simplest language appropriate for a site's content) could be substantiated with more detailed instructions on how to adapt the verbal content of a site. Existing guidelines that were formulated by the European Commission (Freyhoff et al. 1998) were used for writing easy-to-read text as the elaboration of the unspecific guideline.
In terms of efficiency (searching and reading time), the application of the guidelines did not have any positive effects. Almost no differences were observed between the two versions of the site. Participants with intellectual disabilities needed more time to read the text than the control group of participants without identified intellectual disabilities. Moreover, the participants with intellectual disabilities needed more assistance to find the information they were looking for.
In terms of effectiveness, the adaptation of the verbal content worked well for readers with intellectual disabilities. They understood the verbal content better, as was demonstrated in an increased number of questions about the content answered correctly. The group of users with intellectual disabilities who worked with the easy-to-read version of the site even approached the achievements of the control group of users without identified intellectual disabilities who worked with the non-adapted site. Also, the participants with intellectual disabilities made far fewer reading errors when reading the text of the adapted site. It can be safely concluded that the text adaptation worked well for its target group: users who have intellectual or language disabilities.
Users without identified intellectual disabilities were as effective with the adapted site as they were with the non-adapted site, except for questions for which the answer could be found literally in the text. For that category of questions, the adapted site worked better for them than the non-adapted site. It appears that text adaptation did not hurt our control group of readers. Yet, they expressed that they were less satisfied with the adapted site. They preferred the non-adapted site over the adapted site, whereas the readers with intellectual disabilities expressed their preference for the adapted site. This negative assessment of satisfaction should weigh even stronger considering who were included in our control group: friends, parents and partners of people with intellectual disabilities, who were familiar with the care provider that ran the website.
Because of the preference of our control group for the non-adapted version, a conditional recommendation to those organizations that consider adapting the verbal content of their websites seems appropriate. The results of this study lead to the advice to adapt the text using existing easy-to-read guidelines such as those of Freyhoff et al. (1998) . Site visitors with language and intellectual disabilities will benefit from the adaptation. However, in order not to alienate non-disabled visitors of the site, it might be a good idea to make it clear upfront why the site is adapted: to serve the needs of a Journal of Applied Research in Intellectual Disabilities 517 particular part of the visiting public. In addition, the creation of a site with a carefully attuned mix of adapted and non-adapted verbal content could be considered. Information which is visible at high-level pages could be made easy-to-read, with links to more specific, non-adapted information for those who want to know and read more. A final conclusion from our study concerns the relevance of testing the content of a site with people from the target audience, in our case the audience of user with intellectual disabilities. Designers and writers of verbal site content can assure that they have met the WAI guideline about the clearest and simplest language only by involving test participants with intellectual or language disabilities. They are the ones who can give advice about whether the language in the site was clear and simple enough.
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